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INTRODUCTION 


Army  aviation  i3  currently  increasing  its  emphasis  on  Chemical  Defense 
^ CD )  training.  In  fact,  Interim  Change  101  (23  Dec  1 98 1 )  to  the  Aircrew 
Training  Manual  (TC  1-135)  makes  ir-f light  training  in  full  Mission  Oriented 
Protective  Posture  (MOPP)  IV  mandatory.  Training  in  MOPP  IV  will  place  a 
burden  upon  pilots  because  the  ensembles  are  physically  restrictive  and 
degrade  sensory  inputs.  In  particular,  breathing  through  the  charcoal  filter 
of  the  mask  is  fatiguing  and  protective  masks  distort  vision.  The  gloves 
reduce  manual  dexterity  and  degrade  sense  of  touch.  Concomitant  with  these 
effects  is  the  problem  of  reduced  convective  cooling  and  an  increased 
susceptibility  to  heat  stress. 

Heat  stress  has  been  shown  <■<■>  impair  not  only  individual  physiologv  but 
also  psychological  function.  Reviews  of  the  effect  of  heat  stress  upc" 
psychological  function  (Grether,  1973;  Poulton,  1976;  and  Wing,  196b)  nave 
demonstrated  that  psychological  function  is  impaired  prior  to  reaching 
physiological  overload.  Figure  1  (from  Figure  2  of  Wing,  1965)  illustrates 
not  only  the  relationship  between  Effective  Temperature  (ET)  and  exposure 
duration  upon  mental  function  but  also  the  relationship  between  recommended 
and  marginal  (ready-to-drop)  physiological  thermal  tolerance  and  exposure 
durations.  This  plotting  of  relationships  allows  estimates  of  duration  of 
unimpaired  mental  performance  to  be  mane  simultaneously  with  estimates  of 
physiologic  tolerance.  For  instance,  if  a  person  wer~  to  be  exposed  to  an  ET 
of  34  C  (left  hand  Y-axis),  the  recommended  physiological  exposure  limit  of 
just  under  120  minutes  would  be  predicted,  and  Impaired  mental  function  would 
be  expected  at  approximately  60  minutes.  If  the  relationships  plotted  are 
reasonably  accurate,  impaired  mental  performance  can  be  expected  well  before 
physiologic  limits  are  reached.  The  extent  and  importance  of  the  impairment 
will  be  peculiar  to  the  specific  situation. 

The  heat  stress  and  psychological  decrements  which  mighu  occur  while 
wearing  CD  ensembles  ar<  xacerbated  by  the  high  ambient  temperatures 
periodically  encountereu  in  rotary  win^  aircraft .  Moreland  and  Barnes  (1970) 
recorded  cockpit  temperatures  of  43.9  C  in  flight  in  an  Army  light 
observation  helicopter  (OH-6)  and  Breckenridge  and  Levell  (1970)  recorded 
temperatures  of  56.7  C  in  an  AH-1G  attack  helicopter.  The  purpose  of  this 
study  was  to  compare  cognitive  function  and  psychoootor  performance  in  pilots 
wearing  the  Uo  Army  aircrew  CD  ensemble,  the  United  Kingdom  aircrew  CD 
ensemble,  and  the  standard  US  Army  flight  suit.  Each  subject  wore  each 
ensemble  during  hot  weather  and  during  Identical  4-hour  flight  profiles  of  a 
UH-1H  uciiity  helicopter. 


EXPOSURE  TIME-tnin 


FIGURE  1.  Comparison  of  the 
Thermal  Tolerance  Limit  for 
Unimpaired  Mental  Performance 
with  Both  the  Recommended 
Physiological  Limit  and  the 
Marginal  Physiological  Limit- 
(Wing,  1965) 


METHOD 


SUBJECTS 

The  subjects  were  six  male  US  Army  Warrant  Officers.  All  were  recent 
graduates  of  the  Array's  Initial  Entry  Rotary  Wing  Class  and  had  similar 
training  and  flight  histories.  All  were  aeclimuied  to  the  local  environment, 
in  good  physical  condition,  and  between  the  ages  of  20  and  37  with  e.  mean  age 
of  29.  All  subjects  were  informed  of  the  nature  and  hazards  of  the  experiment 
and  each  had  signed  an  informed  consent  statement  (Appendix  A). 


APPARATUS 

All  flights  were  conducted  in  the  US  Army  Aeromedical  Research 
Laboratory's  (USAARL)  JUH-1H  utility  helicopter  with  USAARL  research  aviators 
as  safety  pilots.  In-flight  physiological  data  and  flight  performance 
information  were  collected  by  means  of  an  on-boarci  Helicopter  In-flight 
Monitoring  System  (HIMS  II,  Figure  2)  modeled  after  the  one  described  by 
Huffman,  Hofmann,  and  Sleeter  (1972).  Psychological  and  psychomotor  tests 
consisted  of  subtests  selected  from  the  Psychological  Assessment  Battery  (PAB) 
developed  by  the  Division  of  Neuropsychiatry,  Walter  Reed  Army  Institute  of 
Research  (WRAIR). 


t. 


PROCEDURE 


HGURK  ?.  llolicoplur  ii  -FI  !j»ht  Monitoring  System  (UTMS) 


Subjects  were  billeted  at  a  stagefield  (Figure  3)  located  south  of  Fort 
Rucker,  Alabama.  They  lived  in  an  air-conditioned  research  facility  while 
participating  in  the  experiment.  Subjects  flew  on  Mondays,  Wednesdays,  and 
Fridays.  Each  subject  wore  one  of  three  possible'  ensembles  on  each  flight  day 
with  the  order  of  wear  of  ensembles  randomized  so  that  each  subject  wore  the 
ensembles  in  a  unique  sequence.  The  three  ensembles  worn  were  the  US  Army 
aircrew  CD  ensemble  (Figure  4,  A),  the  United  Kingdom  aircrew  CD  ensemble 
(Figure  4,  B),  and  the  standard  US  Army  flight  suit  (Figure  4,  C).  All 
flights  were  conducted  during  July,  1y8l.  Meat  ambient  cockpit  Wet  Bulb/Globe 
Temperature  (WBGT)  during  the  flights  was  29.05°C  (±1.1 1°C  SD). 


Flight  profile 

Subjects  flew  a  maximum  of  4  hours  (2  consecutive  2-hour  flights)  on  each 
flight  da1'.  During  each  flight  they  were  asked  to  fly  repetitively  a  series 
of  maneuvers.  The  series  consisted  of  a  50-foot  hover,  a  lateral  hover,  and  a 
precision  flight  profile.  The  series  took  about  40  minutes  to  complete  and 
wa3  repeated  until  4  hours  of  flight  had  elapsed  or  the  subject  exceeded 
established  heat  and/or  safety  criteria  (heart  rate  exceeding  140  beats  per 
minute  for  10  minutes,  core  temperature  above  38.5  C,  or  mean  skin  and  core 
temperature  converging  to  within  0.5°C).  Subjects  were  not  responsible  for 


IGURF  "5.  Highfalls  Stagefield,  Ft.  Rucker,  AL. 


FIGURE  A.  Flight  Ensembles  Worn 
During  Testing.  A,  United  States  Army 
aircrew  chemical  defense  ensemble; 

B,  United  Kingdom  aircrew  chemical 
defense  ensemble;  and  C,  United  States 
Army  standard  flight  suit. 


pre/postflight  inspections  of  the  aircraft  and  sat  in  the  shade  during 
refueling  operations.  Water  was  provided  ad  lib-1  turn  at  hourly  intervals. 

Physiological  data 

Subjects  were  monitored  for  heart  rate,  mean  skin  temperature,  and  core 
temperature.  These  data  were  recorded  by  a  medical  observer  and  by  tae  HIMS 
II.  The  medical  observer  was  constantly  monitoring  vital  signs  and 
temperatures  and  would  terminate  the  flight  if  heat  and/or  safety  criteria 
were  exceeded. 

Psychological  Data 

Subjects  were  administered  a  battery  of  psychological  and  psychomotor 
tests  prior  to  suiting  up  for  flight  and  as  soon  after  flight  as  possible. 

The  need  for  the  subjects  to  remove  the  ensemble,  be  seen  by  a  flight  surgeon, 
ar.d  be  weighed  before  taking  the  posttest  resulted  in  unavoidable  delays  of  20 
to  30  minutes.  PAB  was  scored  by  WRA1R,  without  knowledge  of  the  actual 
experimental  conditions.  The  following  subtests  of  PAB  were  used. 

Mood  Scale:  Subjects  were  asked  to  rate  their  agreement  to  65  mood 
descriptors  (such  as  "anxious")  on  a  1  (none)  to  5  (extreme)  scale.  The 
presentation  order  was  randomized  on  each  presentation  with  some  words 
repeated  as  controls. 

Feeling/T.one  (Pearson  and  Byars  195.6 )  :  Subjects  were  asked  ~o  rate 
their  current  level  of  fatigue  by  stating  whether  or  not  they  lelt  "BETTER 
THAN,"  "SAME  AS,"  or  "WORSE  THAN"  the  activity  level  descriptor  (such  as 
"peppy") . 

Encodc/Decode  (Kaslam.  1981):  Subjects  were  given  an  arbitrary  coding 
system  which  related  letters  to  two-digit  numbers  and  were  asked  to  encode  or 
decode  purported  map  coordinates  according  to  a  set  of  simple  rules.  They 
were  to  do  as  many  as  possible  in  7  minutes. 

larggt  Re-gQgnition  (Folkard.  Knauth.  Monk. and  Ruten.  1976):  Subjects 
were  given  two  target  letters  and  asked  to  determine  if  both  letters  occurred 
in  a  string  of  30  letters  or  if  one  or  both  letters  did  not  occur  in  the 
string.  They  were  to  do  as  many  as  possible  in  7  minutes. 

Topical  Reasoning  ( itidih.'lcy_, — Subjects  were  given  a  sentence  which 
claimed  to  describe  the  order  of  the  two  letters  (AB  or  BA)  which  followed  the 
sentence.  Their  task  was  to  determine  if  the  order  described  was  the  same  as 
that  given.  They  were  to  complete  as  many  as  possible  in  7  minutes. 

Serial  Math  (w ever.  1979):  Subjects  were  asked  to  watch  a  briefly 
presented  (approximately  .25  second  per  character)  string  of  characters.  The 
first  two  were  numbers  in  the  range  of  zero  to  nine  with  the  third  character 
being  an  add  or  subtract . sign.  The  task  was  to  perform  the  operation  on  the 
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numbers  and  oil  tier'  to  add  or  subtract  10  from  tin;  result  if  the;  results  met 
certain  criteria.  The  resulting  number  was  then  entered  and  scored. 

Subjects  wore  to  complete  as  many  problem;',  as  possible  in  7  minutes. 

Reaction  Time  (Wilkinson  and  Houghton.  197S):  Subjeet.3  were  presented 

with  a  four-choiec  reaction  time  task.  This  task  presented  the  subject  with 
four  lights  arranged  i n  a  square  pattern.  The  subject’s  task  was  to  determine 
which  light  wa3  illuminated  and  pros:-  1  tie  button  in  the  corresponding  position 
as  fast  as  possible.  The  ‘..ask  was  presented  repetitively  for  8  minutes. 


RESULTS 
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Subtests  of  fAil  were  scored  by  computer  for  the  number  attempted.,  percent 
correct,  reaction  time  to  correct  response  (RTcor),  and  reaction  time  to  an 
inoorr-  ot  response  tifierr).  i  p.fc  vitiation  on  mood  was  converted  into  mean 
score  in  the  categories  of  mood  (good  to  bad),  hostility  (friendly  to 
hostile),  happiness  (nappy  to  unhappy),  and  depression  (in-the-dumps  to 
<u -  •.op-of-thc-worid) .  Since  performance  is  susceptible  to  circadian  changes 
(  ■  ’  -in  and  Keip.nnii  ,  1  '•’•!)  vc  I  i  .e.  ‘  o  individual  >1  i  1  eres'i  os  ,  direct 
•  miparison  of  the  data  is  di  fioult  to  interpret.  In  order  to  control  for 
i  ,ese  outside  influences,  the  raw  data  were  converted  into  percent  of  change 
from  baseline  (pretest)  using  the  formula  (A-B)/B  where  B  was  the  pretest 
score  and  A  the  postteat  score.  Jn  this  manner,  any  one  experimental 


manipulation  v/sri  represented  b}  2  porccrt  or  ohongc  ccc 
composite  of  th?  pretest  and  posttest  scores.  Positive  scores  indicate 
increases  in  posttest  scores  over  pretest  scores.  Evaluation  of  this  number 
required  reference  to  either  control  or  experimental  data  dependent  upon  the 
comparison  desired. 


Statistical  significance  was  dete.  mined  by  means  of  a  Randomized  Block 
\NUVA  witn  Replicates  (Edward.;,  I960  .  The  factors  used  were  percent  change 
from  baseline  on  control  days,  stancard  flight  suit  days,  UK  CD  ensemble  days, 
ana  US  CD  ensemble  days.  None  of  the  subtests  of  PAB  exceeded  the  p=.05  value 
and  it  wa3  concluded  that  there,  were  no  si  at  ist  i  cal  J  y  sign!  fir.-mi  .  ifects 
associated  with  any  of  the  factors.  Similarly,  self-report  of  mood  failed  to 
show  any  significar :  1  '.ferenees  across  factors. 

The  purport  str*.  tsor  in  this  study  was  heat.  Analysis  of  the 
physiological  data  revealed  that  subjects  showed  markedly  different 
physiologic  .1  responses  to  the  experimental  conditions.  Therefore, 
experiments  uat a  were  divided  into  three  categories  irrespective  of  3uit  and 
basevi  sole  y  upon  physiological  response.  The  three  categories  selected  were 
slight,  me  it.-rate,  and  severe  heat  stress.  Placement  into  a  category  was 
determined  h  /  a  physiologist  who  had  no  knowledge  of  the  outcome  of  the 
psychological  testing  and  was  given  only  the  category  titles,  "slight," 
"moderate  1  "severe,"  without  specific  placement  criteria.  The  c*.on\  ntion 

adopted  w  a  subjects  withdrawn  from  ati  experimental  condition  because 

they  exec  •-  va  and/or  safety  criteria  would  be  judged  as  severely 
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heat-3iressed  subjects,  those  wi.h  consistently  elevated  heart  rates  or 
temperatures  out  le?”  tnan  the  heat  safety  criteria  would  : ■  judged  as 
moderately  heat-str  ed,  and  the  remaining  would  be  judged  as  slightly 
‘  'st-stressed .  Accordingly,  three  instances  of  severe  heat  stress,  seven 
sees  of  moderate  heat  stress,  and  six  instances  of  slight  heat  stress 
were  identified.  (Two  flights  were  not  flown  because  of  inclement  weather.) 

The  data  for  tnese  groups  as  well  as  for  the  control  days  were  averaged 
ana  are  presented  by  subtest.  These  arbitrary  gr' "pings  crossed  the  original 
group  bounds  and  left  three  groups  which  were  composed  cf  partial  replicates 
cf  unequal  size,  ar.d  generally  violated  most  assumptions  concerning 
population  homogeneity.  Tue  results  are,  therefore,  trends  without 
statistical  confirmation. 


LOGICAL  REASONING 

Table  1  presents  the  percent  of  change  data  for  the  logical  reasoning 
test.  Again,  positive  percentages  indicate  increased  post  test  scores  relative 
to  tne  protest  and  negative  percentages  indicated  decreased  posttest  scores 
relative  to  tne  prei^st.  The  number  of  questions  attempted  showed  a  2  percent 
increase  in  the  control  group,  the  slight  heat  stress  group  showed  a  5  percent 
increase,  and  the  moderate  group  evidenced  a  3  percent  increase.  The  severely 
stressed  group  showed  a  2  percent  increase  or  no  difference  from  the  control 
data.  A  simila”  up-dowu  trend  was  seen  in  the  psreent  correct  data  as 
controls  showed  a  ?  percent  decrease,  the  slight  y  stressed  group  evidenced  a 
4  percent  increase,  with  a  1  percent  increase  in  the  severely  stressed  group. 
The  reaction  time  to  correct  response  (KTcor'/  showed  no  change  between  the 
control  group  and  sljghtly  stressed  group  while  moderately  stressed  group 
ucv-j-eased  to  -u  percent,  The  severely  heat  stressed  group  demonstrated  only 
a  ~3  percent  decrease.  The  original  pattern  of  low,  high,  and  then  return  to 
low  was  seen  in  the  reaction  time  to  error  (RTerr)  data.  It  should  be  noted 
that  tne  absolute  difference  between  the  RTerr  for  the  slightly  heat 
stressed  group  (or  normal  flignt)  and  the  severely  stressed  group  was  33 
percent.  Checking  the  actual  RTs  revealed  that  the  baseline  of  RTerr  and 
RTcorr  did  nut  differ;  that  is,  the  changes  seen  were  differences  due  to  the 
intervention  and  not  idiosyncratic  changes  in  baseline  reaction  times. 
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TABLE  1 


PERCENT  CHANGE  IN  LOGICAL  REASONING  TESTS 


NUMBER  PERCENT  RT  RT 


ATTEMPTED 

CORRECT 

CORRECT 

ERROR 

CONTROL 

2  •  U 

-2.0 

1.0 

-17.0 

SLIGHT 

5.0 

4.0 

0.0 

20.0 

MODERATE 

3.0 

3.0 

-1  i.O 

-9.0 

SEVERE 

2.0 

1  .0 

-3.0 

-13.0 

RT  =  Reaction  time 


TARGET  RECOGNITION 


Subjects  showed  a  s? 
attempted  from  5  percent 
stressed  group  (Table  2) 
in  the  moderate  (2  peree 
resolute  difference  of  1 
severely  stressed  group. 
Increase  and  subsequent 
between  the  slightly  and 
points . 


’ght  increase  in  the  percent  change  in  the  number 
to  ?  percent  between  the  control  and  slightly 
.  This  increase  disappeared  and,  in  fact,  decreased 
nt)  and  severe  (-3  percent)  groups.  There  was  an 
0  percentage  points  between  the  slightly  stressed  and 
The  percent  correct  data  showed  a  similar  slight 
decrease  between  the  various  groups  but  the  difference 
severely  stressed  groups  was  only  7  percentage 


TABLE  2 

PERCENT  CHANGE  IN  TARGET  RECOGNITION  TESTS 


NUMBER 

PERCENT 

RT 

RT 

ATTEMPTED 

CORRECT 

CORRECT 

ERROR 

CONTROL 

5.0 

-1.0 

-2.0 

-29-0 

SLIGHT 

7.0 

2.0 

-9.0 

-29.0 

MODERATE 

2.0 

3.0 

-7.0 

« 

SEVERE 

-3.0 

-5.0 

-6  0 

20.0 

*  Not  compute 

birr 

RT  =  Reaction 

Id  mo 

RTcor  displayed  an  opposite  pattern.  It  started  at  -2  percent,  decreased 
to  -9  percent  during  slight  stress,  then  rose  to  -6  percent  in  the  severely 
stressed  group.  Since  RT  deals  with  speed  of  response,  negative  percent 
change  scores  indicate  increases  in  speed  and  should  be  considered  as  improved 
performance.  From  this  standpoint,  RTcor  behaved  similarly  to  number 
attempted  ana  percent  correct.  RTerr,  on  the  other  hard,  started  at  -29 
percent  during  conti ol  conditions.  Subjects  made  responses  terminating  in 
errors  in  the  posttest  condition  on  control  days  that  were  considerably 
quicker  tnan  tneir  RTcor.  Relative  to  the  pretest  responses,  the  posttest 
reaction  times  were  snort.  This  trend  persisted  during  slight  stress 
conditions.  Due  to  tne  fact  that  errors  were  not  made  by  a  large  number  of 
the  moderately  stressed  subjects  during  posttesting,  RTerr  could  r.ot  be 
computed;  however,  RTerr  increased  to  20  percent  during  severe  stress 
conditions.  An  absolute  difference  of  49  percentage  points  existed  then 
between  control  or  slight  stress  conditions  and  the  severe  stress  condition. 
After  severe  stress,  subjects  were  taking  considerably  longer  to  make 
response.:,  which  ultimately  proved  to  be  in  error. 


SERIAL  MATH 

Table  3  presents  the  results  of  the  serial  math  test.  The  percent  change 
score  in  the  number  of  proolems  attempted  went  from  -2  percent  during  control 
conditions  to  TO  percent  during  severe  stress.  The  percent  correct  changed 
from  -1  percent  to  6  percent  (slight  to  moderate),  and  to  4  percent  in  the 
severe  stress  condition.  RTcor  went  from  -5  percent  during  control 
conditions  to  5  percent  during  slight  stress  and  then  to  -19  percent  during 
severe  stress.  This  is  an  absolute  difference  of  24  percentage  points 
between  slight  stress  (or  normal  flight)  and  severe  stress  in  the  direction 
of  more  rapid  responding.  RTerr  decreased  from  51  percent  during  control 
conditions  to  7  percent  during  severe  stress  conditions. 


TABLE  3 

FERCENT  CHANGE  IN  SERIAL  MATH  TESTS 


NUMBER 

ATTEMPTED 

PERCENT 

CORRECT 

RT 

CORRECT 

RT 

ERROR 

CONTROL 

-2.0 

-1.0 

-5.0 

51.0 

SLIGHT 

1  .0 

6.0 

5.0 

23.0 

MODERATE 

5.0 

6.0 

-7-0 

10.0 

SEVERE 

10.0 

4.0 

-19.0 

7.0 

RT  =  Reaction  time 


ENCODE/DECODE 


The  data  for  tne  Encode/Deoode  test,  are  summarized  in  Table  4 .  The 
percent  change  scores  for  the  number  attempted  stayed  fairly  constant  across 
conditions  (8  percent)  with  the  exception  of  the  severe  heat  stress  condition 
in  which  it  decreased  to  -5  percent.  The  percent  correct  increased  from  a  -1 
percent  during  control  conditions  to  6  percent  during  slight  stress  and 
dropped  to  -2  percent  during  severe  stress  conditions.  RTcor  rose  slightly 
from  the  -7  percent  control  level  to  the  -4  percent  level  during  severe 
stress.  Due  to  a  tendency  to  make  perfect  scores  on  the  pretest,  riTerr 
scores  were  not  computable. 


TABLE  4 

PERCENT  CHANGE  IN  ENCODE/DECCDE  TESTS 


NUMBER 

PERCENT 

RT 

RT 

ATTEMPTED 

CORRECT 

CORRECT 

ERROR 

CONTROL 

8.0 

-1.0 

-7.0 

ft 

SLIG  T 

9.0 

6.0 

-6.0 

* 

MODERATE 

7-0 

4.0 

4.0 

ft 

SEVERE 

-5-0 

-2  =  0 

-4.0 

ft 

*  Not  computable 
RT  =  Reaction  time 


REACTION  TIME 

Table  5  presents  the  reaction  time  data.  The  percent  change  score  for 
number  attempted  during  control  conditions  was  -3  percent.  The  slightly 
stressed  group  exhibited  similar  behavior  while  the  moderate  and  severe 
stress  groups  shoved  decreases  in  the  number  attempted.  There  was  no  change 
evident  in  tne  percent  correct  scores  across  the  conditions.  RTcor  went  from 
-3  percent  during  control  and  slight  stress  to  3  percent  during  severe  heat 
stress.  RTerr  started  at  10  percent  and  decreased  according  to  the  severity 
of  tne  stress  until  it  reached  a  -10  percent  level  in  the  severely  stressed 
group.  Thi3  represents  an  absolute  difference  of  16  percent  from  the  slight 
stress  (or  normal  flight)  condition  and  20  percent  from  control  in  the 
direction  of  shortened  reaction  times  despite  a  3  percent  increase  (or  slower 
reaction  time)  in  RTcor  scores. 


TABLE  5 


PERCENT  CHANGE  IN  REACTION  TIME  TESTS 


NUMBER 

'ATTEMPTED 

PERCENT 

CORRECT 

RT 

CORRECT 

RT 

ERROR 

CONTROL 

3.0 

0.0 

-3.0 

10.0 

SLIGHT 

2.0 

O.C 

-3.0 

6.0 

MODERATE 

0.0 

1.0 

-1.0 

0.0 

SEVERE 

-2.0 

0.0 

3.0 

-10.0 

RT  =  Reaction  time 


MOOD 


Mood  data  were  idiosyncratic  and  varied  independently  of  the  stress 
encountered.  Figure  5  presents  the  activation  and  mood  scores  for  the  three 
subjects  in  the  severe  stress  group.  As  can  be  seen,  some  subjects  reported 
changes  while  others  reported  no  changes.  All  subjects  seemed  to  be  less 
active  ana  in  a  worse  mood  after  the  severe  heat  stress  condition,  but  by 
widely  differing  amounts. 


ACTIVATION 

LETHARGIC  FULL  OF  ENERGY 
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FIGURE  5.  Scaled  Self-Reports  of  Mood  of  Severely 
Heat-Stressed  Subjects.  B  represents  the  preflight 
report,  A  the  postflight  report,  and  N  no  change. 


DISCUSSION 


The  results  of  thi3  study  can  not  support  the  position  that 
psychological/psychomotor  function  varied  systematically  as  a  function  of  the 
type  of  CD  ensemble  worn  while  flying.  However,  if  the  grouping  of  subjects 
into  the  arbitrary  classes  of  slightly,  moderately,  and  severely  heat 
stressed  is  accepted,  then  trends  emei  ge  which  the  authors  believe  arc 
systematic  and  confirm  the  applicability  of  laboratory  investigations  of  heat 
stress  to  the  aviation  setting. 

The  data  reported  here  suggest,  that  slight  heat  stress  increases 
performance  over  control  levels  (cf  Poulton.  1976)  and  that  this  improvement 
is  eliminated  by  more  severe  heat  stress  (cf  Eostein  ,  Keren,  Moisseiev, 

Gasko  ,  and  Yachin,  1  930).  These  results  are  probably  conservative  due  to  the 
intervention  of  an  unavoidable  recovery  period  between  exposure  and 
posttesting.  Without  arguing  the  significance  of  changes  in  performance 
(number  attempted  and  percent  correct)  or  their  operational  significance,  the 
effect  upon  reaction  time  which  terminated  in  error  (RTerr)  was  clearly 
anomalous.  During  one  test  (target  detection),  subjects  spent  a  great  deal 
more  time  than  expected  working  on  the  solution  without  being  able  to  find  the 
correct  answer.  Other  tests  (e.g_.  ,  logical  reasoning)  showed  that  subjects 
made  errors  without  working  on  the  problem  for  as  long  as  expected.  In  other 
words,  when  subjects  were  severely  heat-stressed  they  either  could  not  provide 
the  correct  answer  despite  extra  effort  or  could  not  recognize  that  additional 
consideration  was  necessary.  The  conclusion  that  subjects  failed  to 
adequately  consider  the  problem  at  hand  is  based  upon  the  fact  that  response 
latencies  were  shortened  without  a  concomitant  increase  in  error  rates.  The 
possibility  that  subjects  chose  not  to  answer  a  particular  question  and  in 
that  fashion  shortened  response  latencies  could  not  be  ruled  out.  This  result 
has  previously  been  reported  by  Colquhoun  and  Goldman  (1972.  p.  628). 

Interestingly,  subjects  who  had  spent  the  day  in  isolation  with  little  to 
do  (control)  showed  changes  in  performance  similar  to  those  subjects  who  were 
severely  het :  stressed.  Whether  it  is  appropriate  or  not  to  say  that  aviators 
arc  stimulated  to  perform  above  normal  levels  during  typical  flights  or  that  a 
day  of  isolation  and  inactivity  depresses  psychological  function  is  not  clear 
from  the  present  study  and  is  the  subject  of  current  research  at  USAARL. 

Self-report  of  mood  varied  widely  across  the  severely  heat  stressed 
subjects.  This  lack  of  consistency  between  self-report  and  heat  stress  is  not 
unusual.  When  describing  their  behavior,  people  follow  rules  which  are  more 
in  keeping  with  their  social  environment  than  their  internal  state  (Poulton. 
1976).  Some  people  will  follow  the  rule  that  states  that  the  effect  of 
exposure  to  heat  is  to  slow  response  times  and  reduce  performance  levels. 
Others  follow  the  rule  that  a  "can  do"  attitude  is  import. ant  to  maintain 
regardless  of  the  situation.  This  type  of  rule-following  results  in  a 
dissociation  between  level  of  cognitive  function  and  reported  mood. 


CONCLUSIONS 


This  study  supports  the  hypothesis  that  the  effect  of  heat  stress  i3 
insidious .  While  it  may  not  greatly  affect  an  aviator's  psychomotor 
performance  level,  it  may  affect  his  ability  to  recognize  error  situations  or 
make  correct  responses  when  unsure  of  himself.  The  data  is  consistent  with 
previous  observations  that  subjects  may  not  recognize  potential  areas  of 
impairment  and  may  report  that  they  are  as  ready  as  ever  to  conduct  a  mission. 
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APPENDIX  A 


VOLUNTEER  PARTICIPATION  AGREEMENT 


VOLUNTEER  PARTICIPATION  AGREEMENT 


1  ,  _  _  _  _  _ _  _  _  _ _ _ ,  SGN _ _  _  ,  having 

attained  my  eighteenth  (18th)  birthday,  and  otherwise  having  full  capacity  to 
consent,  do  hereby  volunteer  to  participate  in  a  research  study  entitled: 
"Physiological  Assessment  of  the  Aircrew  Chemical  Defense  Clothing,"  under 
the  direction  of  the  US  Army  Aeromedic.nl  Research  Laboratory. 

The  implications  of  my  voluntary  participation;  the  nature,  duration,  and 
purpose;  the  methods  and  means  by  which  it  is  to  be  conducted;  and  the  in¬ 
conveniences  and  hazards  which  may  reasonably  be  expected  have  been  explained 
to  me  by  hruce  E.  Hamilton,  Pli.l).  ,  Principal  Investigator,  and  are  set  forth 
on  the  attachment  of  this  Agreement,  which  I  have  initialed.  1  have  been 
given  an  opportunity  to  ask  questions  concerning  this  investigational  study, 
and  my  questions  have  been  answered  to  my  full  and  complete  satisfaction. 

I  understand  that  1  may  at  any  time  during  the  course  of  this  study  revoke  my 
consent  and  withdraw  from  the  study  without  prejudice.  However,  I  may  he 
required  to  undergo  further  medical  examinations,  if  in  the  opinion  of  the 
attending  physician  such  examinations  are  necessary  for  my  health  or  well¬ 
being  . 


Signature 


Date 


T  was  present  during  the  explanation  referred  to  above  as  well  as  the 
Volunteer's  opportunity  for  questions  and  hereby  witness  his  signature. 


S.igna  ture 


Date 


VOI.mTKk  AERKKMENT 
(ATTACHMENT) 


PURPOSE 

You  arc  being  asked  to  participate  in  a  research  program  entitled: 
"Physiological  Assessment  of  the  Aircrew  Chemical  Defense  Clothing."  to  assess 
the  biomedical  and  physiological  feasibility  of  using  the  I'nited  Kingdom  (UK) 
Aircrew  Chemical  Defense  (CD)  Ensemble  in  the  DS  Army  aviation  environment. 
Prior  to  your  participating  in  the  study,  von  will  he  given  a  physical  exam¬ 
ination  by  a  flight  surgeon  and  will  he  asked  to  fill  out  a  mod  cal  history 
questionnaire . 


PROCh.  .  RE 

You  will  be  asked  to  fly  rotary  wing  aiier.ift  performing  the  following 
maneuvers:  (l)  30  feet.  OCR  hover,  hover  course,  and  (3)  instrument  flying 

course.  As  an  experimental,  subject.,  you  will  he  asked  t:o  fly  approximately  4 
hours  of  flight/day  with  each  of  two  chemical  defense  ensemble  and  4  hours  of 
flight  in  the  standard  flight  suit.  You  will  be  connected  via  three  chest 
electrodes,  five  skin  temperature  electrodes  and  a  flexible  rectal  thermometer 
to  physiological  monitoring  equipment  which  Vvill  monitor  heart  rate,  respira¬ 
tory  rate,  skin  temperature  anti  core  temperature.  Additionally,  your  psycho¬ 
motor  coordination  and  cognitive  functioning  will  be  tested  Intermittently 
during  the  course  of  the  experiment. 

The  aircraft  safety  pilot  will  he  in  standard  US  flight  clothing.  A 
medical  observer  will  he  on  hoard  during  all  flights  as  a  member  of  the 
research  team.  A  Flight  Surgeon  w  11  he  on  call  by  radio  to  provide  rapid 
advice  to  the  medical  observer  and  flight  crew,  if  necessary,  and  at  the 
stagefield  with  complete  resuscitation  equipment  and  an  emergency  medical 
team . 


RISKS 


The  medical  risks  associated  with  this  project  are  that  of  heat-related 
injuries;  i.e.,  heat  exhaustion,  heat  stroke,  and  heat  pyrexia.  An  explana¬ 
tion  of  these  injuries  follows: 

H cat  _Kxha t >_st  ion 

This  disorder  can  he  broken  down  into  two  areas:  a  water-deficient  heat 
exhaustion  or  dehydration  and  salt-deficient  heat  exhaustion. 

Via  ter -Dot  ic  ient  Heat.  Exhaust  ion 

It  is  an  effect  of  excessive  exposure  to  heat  and  becoming  water-depleted 
due  to  inadequate  replacement  of  water  losses  caused  by  prolonged  sweating. 


Signs  ;uul  symptoms:  thirst,  fatigue,  giddiness,  oliguria,  pvrexio,  and  in 
advanced  stages,  del  ir  imn  and  death. 

Salt -Dot  icient  Heat  Kxhaust  ion 

Tt  is  an  of  fact  of  excessive  exposure  to  boat  in  which  salt  depletion 
occurs  due'  to  inadequate  replacement  of  salt  le.a  through  prolonged  sweating. 
Signs  and  symptoms:  intigue,  nausea,  vomiting,  giddiness,  muscle  cramps,  and 
in  late  stages,  circulatory  failure'. 

Pr  event  ion.  Jtnd_  J r  ea  tmonj 

Prevention  oi  licat  exhaustion  requires  an  adequate  supply  of  water  easily 
accessible  while  working  in  ho i  climates  or  conditions  both  during  anel  after 
working  hours.  The  treatment  consists  essentially  of  rest  in  bed  in  a  cool 
environment  with  a  high  intake  of  fluids.  The  preferable  method  of  intake  is 
by  mouth  unless  the  person  is  unconscious,  then  fluid  replacement  needs  to  he 
given  intravenously.  Also,  the  person  should  be  kept  cool  until  his  thermo¬ 
regulatory  system  is  back  in  balance. 

Heatstroke 

A  state  of  thermoregulatory  failure  with  sudden  onset  following  exposure 
to  a  hot  environment  with  a  high  hody  temperature  >  40.6 °C.  (105°T)  character¬ 
ized  by  an  absence  of  sweating  and  disturbance  cf  the  central  nervous  svstem. 

It  is  frequently  fatal. 

Hyp erpyr ex ia 

The  same  symptoms  a:;  a  heatstroke  exc  ept  the  patient  is  conscious  and  may 
be  sweating.  The  rectal  temperature  will  be  slightly  lower  than  that  of  heat¬ 
stroke.  Signs  and  symptoms:  euphoria,  headache:,  dizziness,  drowsiness, 
numbness,  restlessness,  purposeless  movements,  incoordinated  movements, 
aggressiveness,  mania,  suicidal  tendencies,  mental  confusion,  and  sudden  onset 
of  delirium  or  coma  heatstroke. 

The  following  are  some  definitions  of  some  terms  which  we  have  used  above 
with  which  you  may  not  be  familiar: 

Oliguria  -  Secretion  of  n  diminished  amount  of  urine  in  relation  to  the 
f lu id  i  nt ake . 

Pyrexia  -  A  fever,  a  febrile  condition;  abnormal  elevation  of  the  body 
temperature. 

Psychomotor  -  Pertaining  to  motor  effects  of  cerebral  or  psychic  activity. 

Cognitive  Functioning  (Cognition)  -  The  operation  of  the  mind  by  which  we 
become  aware  of  objects  of  thought  or  perception,  including  understanding  and 
reasoning . 
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Mania  -  hxcitement  manifested  by  mental  and  physical  hyperactivity,  dis¬ 
organization  of  behavior,  and  elevation  of  mood. 

It  is  expected  that  you  will  experience  some  degredatlon  of  performance 
due  to  heat  stress.  The  safety  pilot  will  be  instructecl  to  observe  your  per¬ 
formance  and  will  not  alhiw  yon  to  progress  to  unsafe  levels  of  degredatlon. 

You  will  be  stressed  and  uncomfortable  during  thin,  study,  but  we  have 
established  safety  limits  and  the  experiment,  will  not  be  allowed  to  proceed  if 
any  of  these  limits  are  reached.  By  monitoi ing  your  heart  rate,  respiration, 
skin  and  rectal  temperature  and  comparing  these  parameters  with  established 
limits,  we  will  he  able  to  terminate  the  experiment  at  a  point  which  will 
minimize  the  risk  to  you. 


Initials 


Bate 
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PRIVACY  ACT  STATEMENT 


The  information  solicited  in  this  questionnaire  will  be  used  for  research  and 
statistical  analysis  of  the  problem  of  Army  aviator  fatigue/stress  in  wearing 
chemical  defense  ensembles.  It  will  be  kept  confidential  and  names  will  not 
be  used  in  any  reports,  published  or  unpublished,  of  this  data.  Participants 
will  be  identified  only  by  randomly  assigned  project  identification  numbers. 

Disclosure  is  voluntary;  however,  failure  to  do  so  will  seriously  limit 
the  usefulness  of  other  data  obtained  from  the  individuals  in  this  project. 

I  have  read  and  understand  the  above  statement  and  consent  to  the  use  of 
this  information  as  described. 


Signature 


Date 


DEPARTMENT  OF  THE  ARMY 

U.  S.  ARMY  AEROMEDICAL  RESEARCH  LABORATORY 
FORT  RUCKER.  ALABAMA  38362 


UNCONDITIONAL  CONSENT  FOR  USE  OF  PICTURE  AND  SOUND 


The  United  States  Government  is  granted  the  right  to  use,  to  the  extent 
and  for  the  purpose  it  desires,  any  pictures  (still,  motion,  those  transmitted 
via  TV  or  recorded  on  video  tape  or  otherwise)  and  sounds  (vocal,  instrumen¬ 
tal,  or  otherwise)  whether  used  together  or  separately,  taken  or  recorded  by 
or  on  behalf  of  the  Aeromedical  Research  Laboratory. 


(DA'fE)  .  (SIGNATURE) 


(HOME  ADDRESS) 


(MILITARY  ADDRESS) 


Above  consent  obtained  by: 

(SIGNATURE) 
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INITIAL  DISTRIBUTION 


Defense  Technical  information  Center 
Cameron  Station 

Alexandria,  VA  22314  (12) 

Under  Secretary  of  Defense  for 
Research  and  Engineering 
ATTN:  Military  Assistant  for 
Medical  and  Life  Sciences 
Washington,  DC  20301  (1) 

Uniformed  Services  University 
of  the  Health  Sciences 
4301  Jones  Bridge  Road 
Bethesda,  MD  20014  (1) 

Commander 

US  Army  Medical  Research  and 
Development  Command 
ATTN:  SCRD-RMS/Ms.  Madigan 

Fort  Detrick 

Frederick,  MD  21701  (5) 

Redstone  Scientific  Information 
Center 

ATTN:  DRDMI-TBD 

US  Army  Missile  R&D  Command 

Redstone  Arsenal,  AL  35809  (1) 

US  Army  Yuma  Proving  Ground 
Technical  Library 

Yuma,  AZ  85364  (1) 

US  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  DAVTE-M  (Technical  Library) 
Edwards  AFB,  CA  93523  (1) 

US  Army  Combat  Developments 
Experimentation  Command 
Technical  Library 
HQ,  USACDEC 
Box  22 

Fort  Ord,  CA  93941  (1) 


Aeromechanics  Laboratory 
US  Army  Research  &  Technology  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035  (1) 

Sixth  United  States  Army 
ATTN :  SMA 

Presidio  of  San  Francisco 
California  94129  (1) 

Director 

Army  Audiology  &  Speech  Center 
Walter  Reed  Army  Medical  Center 
Forest  Glen  Section,  Bldg  156 
Washington,  DC  20012  (1) 

Harry  Diamond  Laboratories 
Scientific  &  Technical  Information 
Offices 

2800  Powder  Mill  Road 

Adelphi ,  MD  20783  (1) 

US  Army  Ordnance  Center  &  School 
Library,  Bldg  3071 
ATTN:  AT5L-DOSL 
Aberdeen  Proving  Ground,  MD 
21005  (1) 

US  Army  Environmental  Hygiene 
Agency  Library,  Bldg  E2100 
Aberdeen  Proving  Ground,  MD 

21010  (1) 

Technical  Library 
Chemical  Systems  Laboratory 
Aberdeen  Proving  Ground,  MD 
21010  (1) 

US  Army  Materiel  Systems 
Analysis  Agency 
ATTN:  Reports  Distribution 
Aberdeen  Proving  Ground,  MD 
21005  (1) 
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Commander 

US  Army  Medical  Research  Institute 
of  Chemical  Defense 
Aberdeen  Proving  Ground,  MD 
21010  (1) 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  6022  (Mr.  Brindle) 
Warminster,  PA  18974  (1) 

Director 

Ballistic  Research  Laboratory 
ATTN:  DRDAR-TSB-S  (STINFO) 

Aberdeen  Proving  Ground,  MD 
21005  (2) 

US  Army  Research  &  Development 
Technical  Support  Activity 
Fort  Monmouth,  NJ  07703  (1) 

Commander /Director 

US  Army  Combat  Surveillance  & 

Target  Acquisition  Laboratory 
ATTN;  DELCS-D 

Fort  Monmouth,  NJ  07703  (1) 

US  Army  Avionics  R&D  Activity 
ATTN :  DAVAA-0 

Fort  Monmouth,  NJ  07703  (1) 

US  Army  White  Sands  Missile  Range 
Technical  Library  Division 
White  Sands  Missile  Range 
New  Mexico  88002  (1) 

Chief 

Benet  Weapons  Laboratory 
LCWSL,  USA  ARRADCOM 
ATTN :  DRDAR-LCl’-TL 

Watervliet  Arsenal 

Watervliet,  NY  12189  (1) 

US  Army  Research  &  Technology  Labs 
Propulsion  Laboratory  MS  77-5 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135  (1) 


US  Army  Field  Artillery  School 

Library 

Snow  Hall,  Room  16 

Fort  Sill,  OK  73503  (1) 

US  Army  Dugway  Proving  Ground 
Technical  Library 
Bldg  5330 

Bugway,  UT  84022  (1) 

US  Army  Materiel  Development  & 
Readiness  Command 
ATTN :  DRCSG 
5001  Eisenhower  Avenue 
Alexandria ,  VA  22333  (1) 

US  Army  Foreign  Science  & 

Technology  Center 
ATTN:  DRXST-1S 1 
220  7th  St. ,  NE 

Charlottesville,  VA  22901  (1) 

Commander 

US  Army  Training  and  Doctrine  Command 
ATTN :  ATCD 

Fort  Monroe,  VA  23651  (2) 

Commander 

US  Army  Training  and  Doctrine  Command 
ATTN:  Surgeon 

Fort  Monroe,  VA  23651  (1) 

US  Army  Research  &  Technology  Labs 
Structures  Laboratory  library 
NASA  Langley  Research  Center 
Mail  Stop  266 

Hampton,  VA  23665  (1) 

Commander 

10th  Medical  Laboratory 
ATTN:  DEHE  (Audiologist) 

APO  New  York  09180  (1) 

Commander 

US  Army  Natick  R&D  Laboratories 

ATTN:  Technical  Librarian 

Natick,  MA  01760  (1) 
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Commander 

US  Army  Troop  Support  &  Aviation 
Materiel  Readiness  Command 
ATTN:  DRSTS-W 

St.  Louis,  MO  63102  (l) 

Commander 

US  Army  Aviation  R&D  Command 

ATTN :  DRDAV-E 

4300  Goodfellow  Blvd 

St.  Louis,  MO  63166  (.1) 

Director 

US  Army  Hum.. n  Engineering  Laboratory 
ATTN:  Technical  Library 

Aberdeen  Proving  Ground,  MD 
21005  (1) 

Commander 

US  Army  Aviation  R&D  Command 

ATTN:  Library 

4300  Goodfellow  Blvd 


St.  Louis,  M0  63166  (1) 

Commander 

US  Army  Health  Services  Command 
ATTN:  Library 

Fort  Sam  Houston,  TX  78234  (1) 

Commandant 

US  Army  Academy  of  HealLh  Sciences 
ATTN:  Library 

Fort  Sam  Houston,  TX  78234  (1) 

Commander 

US  Army  Airmobili^v  Laboratory 
ATTN:  Library 

Fort  Eustis,  VA  23604  (1) 

Air  University  Library  (AUL/LSE) 
Maxwell  AFB ,  AL  36112  (1) 

US  Air  Force  Flight  Test  Center 
Technical  Library,  Stop  238 
Edwards  AFB,  CA  93523  (1) 

Command  Surgeon 

Rapid  Deployment  Joint  Task  Force 
MacDill  AFB,  FL  33608  (1) 


US  Air  Force  Armament  Development 
&  Test  Center 
Technical  Library 

Eglin  AFB,  FL  32542  (1) 

US  Air  Force  Institue  of  Technology 
(AFIT/LDE) 

Bldg  640,  Area  B 

Wright-Patterson  AFB,  OH  45433  (1) 

US  Air  Force  Aerospace  Medical 
Division 

School  of  Aerospace  Medicine 

Aeromedical  Library/TSK-4 

Brooks  AFB,  TX  78235  (1) 

Director  of  Professional  Services 
Office  of  The  Surgeon  General 
Department  of  the  Air  Force 
Washington,  DC  20314  (1) 

Human  Engineering  Division 
Air  Force  Aerospace  Medical 
Research  Laboratory 
ATTN:  Technical  Librarian 
Wright-Patterson  AFB,  OH  45433  (1) 

US  Navy 

Naval  Weapons  Center 
Technical  Library  Division 
Code  2333 

China  Lake,  CA  93555  (1) 

US  Navy 

Naval  Aerospace  Medical  Institute 
Library 

Bldg  1953,  Code  012 

Pensacola,  FL  32508  ( 1 > 

US  Navy 

Naval  Submarine  Medical  Research  Lab 
Medical  Library,  Naval  Submarine  Base 
Box  900 

Groton,  CT  06340  (1) 

Staff  Officer,  Aerospace  Medicine 
RAF  Staff 
British  Embassy 

3100  Massachusetts  Avenue,  N.W. 
Washington,  DC  20008  (1) 
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Director 

Nava]  Biosc  ienccjs  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625  (1) 

Naval  Air  Systems  Command 
Technical  Library  AIR  950D 
RM  278  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361  (1) 

US  Navy 

Naval  Research  Laboratory  Library 
Code  1433 

Washington,  DC  20375  (1) 

US  Navy 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Department 
Warminster,  PA  18974  (1) 

Human  Factors  Engineering  Division 
Aircraft  &  Crew  Systems  Technology 
Direc  torate 

Naval  Air  Development  Center 
Warminster,  PA  18974  (1) 

US  Navy 

Naval  Research  Laboratory  Library 
Shock  &  Vibration  Information  Center 
Code  8404 

Washington,  DC  20375  (1) 

Director  of  Biological  6  Medical 
Sciences  Division 
Office  of  Naval  Research 
800  N.  Quincy  Street 
Arlington,  VA  22217  (11 

Commanding  Of f icer 
Naval  Medical  KND  Command 
National  Naval  Medical  Center 
Bethesda ,  MD  20014  (1) 


Commanding  Officer 

Naval  Biodynnmics  Laboratory 

P.0.  Box  29407 

New  Orleans,  LA  70189 

FAA  Civil  Aeromedical  Institute 
ATTN:  Library 

Box  25082 

Oklahoma  City,  OK  73125 

Department  of  Defense 
R.A.N.  Research  Laboratory 
P.0.  Box  706 

Dari inghurst ,  N.S.W.  2010 
Australia 

Canadian  Society  of  Avn  Med 

c/o  Academy  of  Medicine,  Toronto 

ATTN:  Ms.  Carmen  King 

288  Bloor  Street  West 

Toronto,  Ontario 

MSS  1V8 

COL  F.  Cadigan 
DAG-AMLOUS  B 
Box  36,  US  Embassy 
FP0  New  York  09510 


DCIEM/SDAK 

1133  Sheppard  Avenue  West 
P.0.  Box  2000 
Downsview,  Ontario 
M3M  3B9 

Dr.  E.  Hendler 
Code  6003 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Command er 

US  Army  Transportation  School 
ATTN:  ATSP-TD-ST 
Fort  Eustis,  VA  23604 


Commanding  Officer 
404  Maritime  Training  Squadron 
Canadian  Forces  Ease,  Greenwood 
Greenwood,  N.S.  BOP  1N0 
Canada 

ATTN:  Aeromed  Tug  Unit  (1) 

Canadian  Forces  Medical  Liaison 
Officer 

Canadian  Defence  Ln  Staff 
2450  Massachusetts  Ave.  NW 
Washington,  D.C.  20008 


National  Defence  Headquarters 
101  Colonel  By  Drive 
Ottowa,  Ontario  K1A0K2 
Canada 
ATTN :  DPM 

Canadian  Air  Line  Pilot's  Assn. 
Ma j .  J.  Soutendam  (Ret) 

1300  Steeles  Avenue  East 
Brampton,  Ontario  Canada 
L6T  M2 


(1) 
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